The static dipole polarizabibility for the 1sσ electron state of the H + 2 hydrogen molecular ion is calculated within Born-Oppenheimer approximation. The variational expansion with randomly chosen exponents has been used for numerical studies. The results obtained for the dipole polarizability are accurate to the nine digits.
Introduction
The dipole polarizability of the ground states of the H + 2 molecular ion had been calculated theoretically many times in the past [1, 2, 3, 4, 5, 6, 7] . At present, while the dipole polarizability for the ground states of the ion also have been calculated theoretically on high precision [13, 14, 15, 16, 17] , the experiments on this subject have been performed [18] . Moreover, the relativistic correction to the dipole polarizability of the ground state of the ion had been derived theoretically in [12] . In this work our goal is to obtain more accurate values for the dipole polarizability in the nonrecoil limit of the Born-Oppenheimer approximation for the 1sσ g electron states of H + 2 than in [7] . We want to show that the use of the variational expansion suggested in this work allows an analytical evaluation of the singular matrix elements required for the relativistic calculations and can provide us with very accurate data. In future studies it can be used to obtain the relativistic correction to the dipole polarizability of the the 1sσ g electron states of H 
Theory
In what follows we consider the Coulomb two-center problem with the nonrelativistic Hamiltonian
1 where r 1 and r 2 are the distances from an electron to nuclei 1 and 2, respectively. Interaction with external electric field is given by
where d is the dipole moment and E is electric field strength. If the electric field is parallel to the nuclear axis, the polarizability is expressed by
and if it is perpendicular to the nuclear axis, the polarizability is expressed by
where
The total polarizability is calculated by
Variational approximation and numerical results
The variational wave function for the 1sσ g electron state of H + 2 should be symmetrized and is constructed as follows
Parameters α i and β i are generated in a quasi-random manner [8, 11] 
⌊x⌋ designates the fractional part of x, p α is a prime number, an interval [A 1 , A 2 ] is a real variational interval, which has to be optimized. Parameters β i are obtained in a similar way. Numerical evaluation of the matrix elements for operators in (3) and (4) is expounded in the Appendix.
In order to get accurate results we use three sets of basic function of the type (6) (in a spirit of [8] ) for small values of internuclear distance R, two sets for intermediate and large values of R, respectively. Total number of the basic function varies from N = 110 to N = 350. In our calculations arithmetics of sextuple precision (about 48 decimal digits) implemented as a FORTRAN90 module has been used. In Tables 1 the dipole polarizability for the 1sσ g electronic state of H + 2 molecular ion and comparison with [7] are presented. The estimated accuracy of obtained values is nine significant digits. In Table 2 we place the comparison of our results with the earlier ones, which demonstrate superiority of the newly obtained results. In all tables the factor x in the brackets means 10
x . Atomic units are used throughout.
Conclusion
The static dipole polarizabibility for the 1sσ electron state of the H + 2 hydrogen molecular ion is calculated within Born-Oppenheimer approximation. The variational expansion with randomly chosen exponents has been used for numerical studies. The results obtained for the dipole polarizability are accurate to the nine digits. That is two digits more accurate than in [7] . The next aim is the relativistic corrections to the dipole polarizability of this state of the ion. This work is in progress now.
Appendix: Analytical evaluation of the matrix elements
The calculation of the matrix elements is reduced to evaluation of integrals of the type
Integers (l, m) are, in general, non-negative, but in case of singular matrix elements one of the indices can be negative. The function Γ 00 can be easily obtained
where R is the distance between nuclei, then Γ lm (α, β; R) for non-negative (l, m) may be generated from (A-2) by means of relation
Worthy to note that a function in square brackets is analytic when argument is zero. Integrals Γ −1,m are generated from Γ −1,0 similar to (A-3):
Function E 1 (z) encountered in (A-4) is the exponential integral function [19] : 
